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ccountability for Student Learning and Its Potential Effects on the Public 
Research University: Creating more effective models for science, mathemat-
ics, engineering and technology (STEM) education represents one of the per-
ennial problem/opportunity scenarios for the future of U.S. public research universi-
ties. Trends since the 2007 recession show enrollment in STEM fields on the increase 
[1], which provides a ready-made response for universities engaged in discussions of 
their contributions to regional and national economic development. However, im-
proving the retention of students in STEM majors has been a longstanding challenge 
for universities. Based on recent discussions it appears that many states intend to in-
corporate student retention, including retention in STEM majors, as a metric in the 
evaluation of the efficacy of public university performance. [2] 
Resulting institutional efforts to im-
prove the quality of STEM instruction 
and learning outcomes of STEM students 
will provide an opportunity for public re-
search universities to broaden the scope 
of the university research mission 
through the application of rigorous, 
quantitative social science research meth-
ods to our own efforts to drive educa-
tional improvement. Employing the 
methods and metrics of research to stud-
ies of undergraduate STEM curriculum 
change may insulate public research uni-
versities from specious arguments that 
our education and research activities are 
something other than indivisible aspects 
of our mission, and from the even more 
destructive argument, promulgated by 
some, that the research activities of public 
research universities detract from our role 
in teaching undergraduate students. [2] 
Over the past 15 years, the increased 
climate of accountability around the use 
of taxpayer funding has come to rest on 
the U.S. public higher education system. 
Key accountability metrics commonly 
embraced by both State governments and 
organizations influencing national higher 
education policy include both student re-
tention in college and time to degree. [3] 
These metrics present challenges for tra-
ditional models of university STEM in-
struction, which are perceived to contrib-
ute to higher than institutional average 
attrition from the ranks of STEM majors.  
In a ground breaking 1999 study, 
Seymour and Hewitt examined the moti-
vations of students who leave degree pro-
grams in STEM majors, but go on to com-
plete university degrees in alternative ac-
ademic fields. [4] The study related a 
number of the factors contributing to this 
attrition to characteristics of traditional 
A 
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STEM curricula: Overwhelming amounts 
of vocabulary, perceptions of poor teach-
ing, and loss of interest in STEM subject 
matter. These factors relate to some of the 
challenges facing U.S. Engineering pro-
grams, where degree obtention rates of 60 
percent represent a national average. [5] 
Given the current focus on degree com-
pletion and time to degree as metrics for 
university success, these challenges 
could, if left unaddressed, become a 
threat to the structure and mission of 
public research universities.  
Research on the nature of human 
learning has provided a window into ef-
fective solutions to these challenges. 
Many instructional models that accom-
modate a broader range of learning stu-
dent learning styles, improve success in 
learning and increase student engage-
ment with subject matter are based on the 
cognitive development theories of Piaget. 
[6] Flipped classroom and peer instruc-
tional models which are intended in part 
as vehicles for enhancing student success 
and self-efficacy are based on construc-
tivist learning theories. Constructionist 
instructional models tend to be more stu-
dent-centered than traditional direct in-
struction methods. (Interestingly, recent 
asynchronous instructional methods, in-
cluding massively open online courses 
(MOOCS) may, but often do not, employ 
constructivist-derived learning models.)  
While constructionist learning mod-
els hold promise for generating improve-
ments in metrics such as time to degree 
and degree obtention in STEM majors, 
they are likely to be relatively expensive 
in terms of supportive infrastructure and 
faculty opportunity costs. Furthermore, 
rigorous educational research studies are 
usually required to unequivocally estab-
lish a connection between constructivist 
based course interventions and improve-
ments in specific, desirable learning out-
comes. 
In order to demonstrate both to the 
Academy and to external stakeholders 
that STEM curriculum changes are actu-
ally having the effect we anticipate, we 
need to consider whether public research 
universities should systematically turn 
the tools of rigorous quantitative and 
qualitative research inward to study the 
instructional changes being driven, in 
part, by a culture of increasing accounta-
bility. Though this path would increase 
the cost of implementing curriculum in-
novation, it would also provide a range of 
benefits for our institutions, including: 
• Development of a broad, new area of 
multidisciplinary scholarship that is 
only practicable on a large scale in re-
search universities,  
• Creation of a vehicle that allows fac-
ulty who have largely shifted their fo-
cus to teaching and learning to con-
tribute more broadly to the scholarly 
life of the university, 
• Validation for the university commu-
nity about the efficacy of the human 
resources and dollars expended on 
these efforts, and 
• Development of ready-made talking 
points for accountability discussions 
with external stakeholders.  
Most top-flight public research uni-
versities began to take steps to support 
faculty efforts to create a scholarship of 
learning as a follow on to the Boyer report 
[7], and some have developed extensive, 
nationally recognized expertise in this 
area. [8] The key questions we must ask 
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about applying these capabilities to stud-
ies of STEM curriculum change are: Can 
rigorous quantitative educational re-
search answer fundamental questions 
about the efficacy of university curricu-
lum reform, what are anticipated institu-
tional commitments and costs for these 
studies, and what are reasonable bound-
aries for the implementation of such pro-
grams? 
Commitments and Costs for Educa-
tional Studies 
Among the most daunting challenge 
of conducting high quality institutional 
studies of curriculum change is the rigor 
of designing experiments that will pro-
vide meaningful answers to our ques-
tions. Collecting a data set that provides 
adequate statistical power to study all 
targeted subcategories of learners, main-
taining 95 percent confidence limit stand-
ards, cleaning and analyzing data sets 
with large numbers of variables, ensuring 
the statistical similarity of control and 
treatment cohorts in an environment of 
quasi-experimental design (most institu-
tions and faculty are uncomfortable with 
random assignment studies), and ensur-
ing compliance with human subjects 
(IRB) requirements all add to the commit-
ment made when undertaking this type 
of analysis. 
A compounding factor associated 
with such studies is that creating and im-
plementing a relatively straightforward 
curriculum innovation in a single course, 
together with designing a course evalua-
tion and collecting and analyzing student 
outcome data can easily comprise the 
topic of an entire doctoral thesis. This 
timeline is problematic for studies of 
STEM curriculum innovation in research 
universities where primary interests may 
lie in longitudinal questions relating the 
influence of large-scale curriculum 
change to post-graduate outcomes. Such 
studies require an extended timeline and 
more careful research design than studies 
of a single innovation in an individual 
course. Achieving this goal would re-
quire long-term collaborations among 
faculty teaching STEM courses, capable 
quantitative and qualitative educational 
researchers, and full time university staff 
dedicated to providing continuity in the 
study. 
Appropriate longitudinal evaluation 
of curriculum change can be relatively ex-
pensive. Guidelines for budgeting evalu-
ation studies in NSF curriculum innova-
tion programs call for commitment of as 
much as 15 to 20 percent of the total pro-
ject budget. In larger more comprehen-
sive curriculum innovation projects, this 
can amount to hundreds of thousands of 
dollars for a longitudinal evaluation. 
While quality analyses of student out-
comes can be built into university courses 
for a far lower level of cost, the magni-
tude of resources required to carry out 
these studies requires a degree of surety 
that the study will provide useful out-
comes for the institution, as well as care-
ful consideration of the scope and objec-
tives of the study. 
Potential Applicability and Utility 
of Educational Research 
First and foremost, we need to ask 
whether rigorous scientific studies of 
learning innovations in STEM curricula 
can provide useful insights into benefits 
for our students. My own scholarly STEM 
discipline, Chemistry, is a good context in 
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which to address this question. Tradition-
ally structured university Chemistry cur-
ricula have many of the characteristics 
identified as problematic for student re-
tention in STEM majors in the original 
work by Seymour and Hewitt: Chemistry 
courses are built upon abstract concepts, 
are laden with vocabulary, and require 
facility with algebra and more advanced 
mathematics from the outset.  
Moreover, over the first three years 
of study, the Chemistry curriculum 
swings from algorithmically based mate-
rial, to subjects requiring substantial 
memorization, and on to material where 
calculus becomes the lingua franca. Op-
portunities to create a synthesis of these 
different perspectives on the nature of 
Chemistry often do not occur until the 
senior year of undergraduate study, or 
even well into the graduate experience. 
The initial two years of the undergradu-
ate chemistry sequence have the unfortu-
nate reputation of being gatekeeper 
courses.  
These factors make the Chemistry 
curriculum a useful test bed for studying 
whether the application of rigorous edu-
cational research methods to the study of 
new and modified STEM curricula can in-
form us about improvements in student 
learning, attitudes and motivation. The 
three brief examples that follow will illus-
trate this is possible and that such studies 
can also yield interesting, unexpected in-
sights. 
In my group Dr. Danielle Barker re-
cently pursued a study of whether asyn-
chronous mathematics learning tools 
built using a constructionist educational 
framework would improve student per-
formance and self-efficacy in a freshman 
chemistry course for science majors. [9] 
Facility with algebra and algebraic rea-
soning are among the most critical skills 
required for success in freshman chemis-
try courses; consequently, these are top-
ics that tend to be emphasized in the ini-
tial weeks of Chemistry instruction.  
The fact that standardized examina-
tions developed by the American Chemi-
cal Society indicate this area to be a weak-
ness in up to 30 percent of our students 
has tended to reinforce the early coverage 
of chemistry-related algebra concepts. 
Unfortunately, subjects such as signifi-
cant figures, ratios, and negative logarith-
mic scales are scarcely the most charis-
matic and integrative aspects of the disci-
pline of Chemistry. Dr. Barker's study 
was intended to determine whether these 
subjects could be covered asynchro-
nously, and whether this change might 
enhance student achievement and self-ef-
ficacy in the course. Students participated 
in a series of 40 online chemistry oriented 
mathematics tutorials over the course of 
the first semester.  
Studies of student achievement 
showed that benefits were dependent on 
student persistence though the majority 
of the units. Students persisting through 
the tutorials showed nearly a full grade 
point improvement over a control group 
and half grade point improvement over 
students receiving traditional in-class 
math concept instruction. (Note: Stu-
dents who persisted through 35 or more 
units started the program with demo-
graphic and academic characteristics that 
were indistinguishable from the class as a 
whole.) Students completing the tutorial 
also showed sustained higher levels of 
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self-efficacy with respect to chemistry 
content knowledge than their peers. 
Ms. Linda Myers is currently con-
cluding a study of whether peer-led un-
dergraduate supplements (PLUS), group 
work problem-solving assignments coor-
dinated by a trained student leader, im-
prove student achievement in freshman 
chemistry. These learning tools are re-
lated to peer-led team learning (PLTL) 
and process-oriented guided inquiry 
learning (POGIL) strategies that have 
been successfully employed as active 
learning supplements to lecture and la-
boratory experiences in other contexts. 
[10, 11] Ms. Myers’ studies show that stu-
dents persisting in weekly PLUS session 
show a 14.5 percent improvement on 
chemistry examinations over comparable 
peers. This result is moderated by gen-
der, with male students experiencing 
higher benefits than female students. In-
terestingly, the cohort of pre-pharmacy 
students in the course showed no overall 
benefit from participation in PLUS ses-
sions. Based on prior academic perfor-
mance, pre-pharmacy student can be cat-
egorized as being among the most aca-
demically capable of the major-cohorts in 
freshman chemistry. 
Finally, Dr. Deblina Pakhira has ex-
amined whether the common practice of 
allowing students to choose whether to 
enroll concurrently in Organic Chemistry 
lectures and laboratories has any effect 
on student learning and achievement in 
these classes. [12] This project relates to 
an ongoing study of whether practicing 
components of the discipline of chemis-
try within the laboratory benefits student 
learning.  
We were surprised to discover that 
students choosing to enroll concurrently 
for the lecture and laboratory, and stu-
dents who enroll first in the lecture 
course and then enroll in the laboratory 
in a subsequent semester begin Organic 
Chemistry with statistically indistin-
guishable demographic, academic, and 
motivational characteristics. Despite 
these initial similarities, Dr. Pakhira’s 3-
year study demonstrated students choos-
ing concurrent enrollment during the 
first semester Organic Chemistry course 
showed a quarter grade point average 
advantage in achievement over their col-
leagues enrolled in only the lecture por-
tion of the course. During the second se-
mester course, this advantage increased 
to a half grade point for students choos-
ing concurrent enrollment. Moreover, 
students concurrently enrolled in lecture 
and laboratory showed higher longitudi-
nal motivation and self-efficacy regard-
ing the Organic Chemistry course se-
quence. 
Recommended Boundaries for the 
Evaluation of Curriculum Reform Efforts 
As these examples show, it is possi-
ble to gain useful, sometimes surprising 
insights from rigorous evaluation of cur-
riculum reform efforts. However, the re-
sources required to conduct such studies 
on a large scale should lead us to engage 
in a careful consideration of the circum-
stances that justify an intensive evalua-
tion of STEM curriculum innovation. The 
following list identifies some of the char-
acteristics that might reasonably trigger a 
need for institutionally supported longi-
tudinal STEM curriculum studies: 
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• True novelty in curriculum design, 
instructional practice or application 
of technology, 
• Networks of STEM curriculum 
change across multiple courses or dis-
ciplines that together are intended to 
create a broader impact on student 
learning and outcomes, 
• Curriculum interventions that re-
quire substantial investment of insti-
tutional resources, 
• Experiments in curriculum change 
that are part of a broader, national re-
form study, 
• Changes that may have high stakes 
consequences for students, faculty 
and instructors, and the institution, 
and 
• Efforts to engender longitudinal 
(post-graduation) advancements in 
student knowledge, skills and abili-
ties. 
Finally, we need to consider the 
range of questions we should strive to ad-
dress through institutionally supported 
research studies. The following are exam-
ples of big picture questions that should 
drive our curiosity in this area: 
• At what threshold of curriculum 
change (class component, course, 
core education program, major cur-
riculum) do we observe the onset of 
specific desired benefits in student 
learning and success in degree pro-
grams? 
• Have curriculum innovations created 
noteworthy enhancements in student 
ability to obtain and apply new 
knowledge, skills and abilities in fu-
ture professional endeavors? 
• Beyond performance in individual 
courses, what are the key educational 
metrics that we want to promote...in-
creased retention in majors, reduced 
time to degree, improved rate of de-
gree attainment, etc.? 
• How have curriculum changes influ-
enced retrospective student percep-
tion of educational value? 
• What degree of improvement in stu-
dent learning, perception and atti-
tude is sufficient to justify a specific 
level of institutional investment in 
curriculum innovation? 
• Is the institutional commitment to 
longitudinal research on STEM cur-
riculum innovation contributing to 
expanding the productivity of STEM 
and education faculty researchers? 
Given the stresses that external ac-
countability is exerting on university 
budgets and faculty researchers, it is to 
our advantage to demonstrate that re-
sources aimed a STEM curriculum en-
hancement are providing the anticipated 
benefits for our students. We have the 
tools of research at our disposal, faculty 
who could benefit professionally from 
partnering in such studies, and the need 
to move away from an anecdotal narra-
tive for evaluating the efficacy of educa-
tional change. This process can contribute 
to protecting the diverse, interrelated 
missions of public research universities 
and provide a narrative for engaging a 
sometimes-skeptical public in the discus-
sion that the research and educational 
missions of the university are indivisibly 
linked. 
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